The inflammatory response of fish to LPS is subdued, attributed to absence of TLR4, a key 18 pro-inflammatory receptor for LPS in mammals. Nevertheless, LPS is processed in fish in a 19 T-independent manner and is a protective antigen in fish vaccines, yet pathways for 20 processing LPS in fish remain to be elucidated. Here, we report that caspases and NOD-like 
Introduction 31
Teleost fish live in permanent contact with relatively high concentrations of bacteria 32 compared with their terrestrial counterparts. A large-scale metagenomics survey by the Tara  33 Oceans project identified that more than 90% of bacteria found in global oceans are gram-34 negative (Sunagawa et al., 2015) . With the exception of the Chloroflexi, all gram-negative 35 bacteria are didermic, comprising an internal cytoplasmic membrane, a thin peptidoglycan 36 layer and an outer membrane comprising lipopolysaccharides (LPS) (Yi and Hackett, 2000) . 37
Consequently, fish epithelial and barrier surfaces are continuously exposed to LPS. LPS is 38 typically divided into three structural sections: lipid A, core polysaccharide and repeating O-39 antigen units (Lüderitz et al., 1982) . The LPS lipid A, or endotoxin, is the region of LPS that 40 is recognised by the innate immune system and is highly stimulatory, even at low doses 41 (Miller et al., 2005) . LPS recognition in mammals occurs primarily through the toll-like 42 receptor (TLR) 4, which is present on an array of phagocytic immune cells including antigen-43 presenting cells (APCs) (Poltorak et al., 1998) . Briefly, the lipopolysaccharide binding protein 44 (LBP) mediates the interaction between LPS on the bacterial cell surface and the 45 glycoprotein CD14 on phagocytic cells (Wright et al., 1990) . CD14 then concentrates LPS to 46 facilitate its binding to the TLR4/myeloid differentiation protein 2 (MD-2), which in turn 47 triggers the inflammatory cascade (Nagai et al., 2002) . Lipid A is an essential component of 48 gram-negative bacteria, but it is also highly variable, which can affect its detectability by the 49 immune system (Miller et al., 2005) . In fact, there seems to be a correlation between TLR4 50 recognition of bacterial lipid A and the severity of a disease, with a lipid A poorly recognised 51 by TLR4 more likely to cause severe disease (reviewed in (Miller et al., 2005) . In mammals, 52 including humans, lipid A encountered during infections of the bloodstream often causes 53 endotoxic shock, a general inflammatory response which is characterised by fever, 54 hypotension and eventually organ failures that can lead to death (Abbott et al., 2004) . Fish, 55 on the other hand, seem to be resistant to endotoxic shock caused by LPS (Iliev et al., 56 2005b) . 57
58
Fish show an attenuated regulation of inflammatory cytokines using standard LPS dosages 59 employed in mammalian models, or require approximately 1000 fold higher LPS 60 concentrations to induce a response similar to that observed in mammals (reviewed in (Iliev 61 et al., 2005b) . Recently, advances in bioinformatics have established that TLR4 is absent 62 from most of the published genomes and immune transcriptomes from teleost species 63 (Boltana et al., 2011; Iliev et al., 2005b; Zoccola et al., 2017) 
and, that when present (in 64
Danio rerio and Gobiocypris rarus for example), the other molecules necessary for 65 recognition of LPS through TLR signalling (LBP, CD14, and MD-2) were absent and/or 66 truncated, non-functional (Iliev et al., 2005b) . However, there is evidence of LPS-induced 67 cytokine production in fish (Goetz et al., 2004; Iliev et al., 2005a) , which suggest that other 68 molecules are likely involved in LPS recognition and processing in teleosts. In previous 69 work, LPS stimulation induced TNFα transcription through the C-type lectin Mincle in 70 barramundi, but seemed to induce IL-6 transcription through other molecular pathways 71 (Zoccola et al., 2017) . Thus, there is potential for alternative LPS receptor families, including 72 M 155 and α X subunits (Arnaout, 2016) . Briefly, wells of a high-binding 96 well plate was coated 156 overnight at 4°C with either 100 µL of 20 µg/mL fibronectin, ESM-1, factor X or collagen, or 157 with 100 µL undiluted Poly-L-Lysine solution or 1% BSA as negative controls (all from 158 Sigma). The wells were then washed three times in 1M phosphate buffer saline (PBS) 159 before blocking for 1 h at 37°C with 1% bovine serum albumin (BSA) to prevent non-specific 160 binding to the plastic. Half the wells containing ESM-1 and factor X were simultaneously 161 incubated with antibodies specific for Integrin were isolated from spleen by passing the organ through a 100 µm mesh and subsequently 164 washed in RPMI by centrifugation (300 x g, room temperature (RT), 5 min). The cells were 165 then resuspended in RPMI at 10 6 cells/mL and seeded at 100 µL/well. After 1 h incubation at 166 28°C, the wells were inverted to remove the media and non-adherent cells before being 167 washed twice using 300 µL of ice-cold 1M PBS containing 1 mM CaCl 2 and 1 mM MgCl 2 . 168
The cells were then fixed and permeabilised using ice-cold methanol for 10 min at RT. After 169 three washes in 1M PBS, the wells were stained at RT for 10 min using a crystal violet 170 solution (0.5%w/v crystal violet in 20% ethanol). After three washes by immersion in 171 deionised water, the crystal violet retained was dissolved using 150 µL of 100% methanol for 172 15 min at RT and quantified by absorbance at 590 nm with a Fluostar Optima plate reader 173 (BMG Labtech, Melbourne, Australia). 174 175
Immunohistochemistry and fluorescent microscopy 176
Glass coverslips were sterilised using ethanol and a flame, and were placed in each well of 177 a 24-well plate. The coverslips were then coated overnight at 4°C with either 20 µg/mL 178 fibronectin, ESM-1, factor X or collagen, or with undiluted Poly-L-Lysine or 1% BSA as 179 negative controls. Spleens were homogenised into cell suspensions as previously described 180 (Zoccola et al., 2017) and leucocytes were isolated on a Percoll gradient as adapted and 181 modified from Tumbol et al. (2009) . Briefly, the cell suspension was layered over a 34%-51% 182 discontinuous Percoll gradient and centrifuged for 30 min at RT (800 x g, acceleration 6, 183 brake 0, Eppendorf 5810R). The buffy layer between the two Percoll densities was collected 184 and washed twice in PBS by centrifugation (400 x g, acceleration 9, brake 9, RT, Eppendorf 185 5810R), before being resuspended in L-15 with 5% heat inactivated barramundi serum and 186 incubated in a 6-well plate overnight at 28°C. The next day, the 24-well plate containing the 187 cover slips was washed thrice in PBS and blocked with 1% BSA at 37°C for 1 hour. Cells 188 incubated overnight were washed in PBS to remove serum and concentration was adjusted 189 to 2x10 6 cells/mL and the cells were plated into the 24-well plate. The plate was incubated 190 for 4 hours at 28°C before the coverslips were fixed in PFA overnight at 4°C. 191 The coverslips were then washed three times in PBS and permeabilised in Triton X for 3 min 192 at RT, before being washed again thrice in PBS. Coverslips were then blocked in 1% BSA 193 for 1 hour, and following a further wash in PBS, they were incubated with either rabbit-anti-194 ITGAM or rabbit-anti-ITGAL primary antibodies at 1:100 or with PBS as a negative control 195 for 4 hours at RT. After a further three PBS washes, coverslips were incubated with goat-196 anti-rabbit IgG conjugated with Alexa Fluor 488 (1:500) in the dark at RT. After 1 h, DAPI 197 was added at 5 µg/mL and the coverslips were incubated for a further 30 min for a total 
Inflammatory cytokine regulation assessed by qRT-PCR 204
TNFα, IFN-α, NF-κB, IL-1β and IL-6 were chosen for assessment by qRT-PCR due to their 205 inducible nature by LPS through processing by β-integrins (Ingalls and Golenbock, 1995; 206 Wong et al., 2007; Wright and Jong, 1986) . Spleens were sampled aseptically from healthy 207 juvenile barramundi and a cell suspension was obtained as described above. Cells were 208 incubated with LPS (E. coli 0111:B4) at 0.05 µg/mL for 1 h at 28°C. Blank controls consisted 209 of cells alone, antibody controls consisted of cells incubated with 1 µg/mL of mouse anti-210 ITGAM or mouse anti-ITGAL blocking antibody for 1 h at 28°C followed by a 1 h incubation 211 with 0.05 µg/mL of LPS at 28°C. Positive controls consisted of cells incubated with 1 µg/mL 212 of phorbol 12-myristate 13-acetate (PMA) for 1h at 28°C. Cells from all treatment groups 213 were then harvested in RNAlater. For each sample, RNA was extracted using the RNeasy 214 kit (Qiagen) according to the manufacturer's instructions. Contaminating genomic DNA was 215 removed by on-column digestion with the RNAse-Free DNAse set (Qiagen) and the resulting 216 RNA was converted to cDNA from a total of 12 ng of starting RNA per sample using the 217 QuantiTect Reverse Transcription kit (Qiagen). Subsequently, the cDNA was used to assess 218 the relative expression of TNFα, IFN-α, NF-κB, IL-1β and IL-6 by qRT-PCR, using 219 elongation-factor-1-α and Syk as normalisers, as they present the most stable expression 220 levels across treatments and presented similar efficiencies (within 10% of target genes and 221 of each other), on a ABI-ViiA7 cycler (Applied Biosystems). The primers were designed to 222 span across exons when possible to eliminate gDNA amplification (Table 1) . After primary 223 optimisation, only TNFα, NF-κB and IL-1β expression levels were assessed, as the primers 224 for IFN-α and IL-6 could not be optimised to the template. 225 226
Statistical analysis 227
Prior to qRT-PCR analysis, the stability of the internal control genes was assessed and the 228 relative expression for each gene was computed using the Relative Expression Software 229 Tool (REST) (Pfaffl, 2001; Pfaffl et al., 2002; Schmittgen and Livak, 2008) . Data from the 230 adhesion assay were analysed using multiple T-tests in GraphPad Prism, with statistical 231 significance determined using the Holm-Sidak method, with alpha = 0. 
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